To produce high quality processed products, it is necessary to not only grow new, promising beetroot varieties, but also to preserve their quality during storage. This requires advanced storage technologies, such as storage in a controlled and ultra-low oxygen atmosphere. In these conditions, beetroots retain their quality until the new harvest. This not only maximizes the quality of vegetables, reduces storage losses, but also extends the use of vegetables, which is very important for farmers to profitably of their produce.
Introduction
Beetroots (Beta vulgaris L.) is grown and appreciated for its valuable nutritional properties, easy cultivation and good storage. The considerable advantage of beetroots is that they can be used fresh all year round, they can be stored until the fresh harvest. Beetroots are also very good for processing. Due to its valuable nutritional, dietary properties, beetroot demand and consumption has increased in recent years (Wroblewska et al., 2011; Esatbeyoglu et al., 2015; Moding et al., 2018) . Betanine strengthens the walls of vascular capillaries, lowers blood pressure, improves fat metabolism and liver function, protects the cells of our body from the harmful effects of free radicals, as well as cancer, cardiovascular diseases, stops aging processes, also has beneficial effect on health with second-degree diabetes (Gilchrist et al., 2014) . The biochemical composition of beetroots is determined by the complex of the genetic characteristics of the variety and the growth conditions, on average they accumulate about 11-17% of dry matter, 5-10% of sugars, vitamins C, PP, B1, B2, B6, lots of potassium (Petronienė, Viškelis, 2004) . Beetroots accumulate large amounts of nitrates and may exceed 2000 mg kg -1 . The beetroot quality can vary significantly from agrometeorological and growth conditions (Zalatorius et al., 2014) . Storage of beetroot varieties has not been investigated enough. Previous studies have shown that beetroot storage depends on storage conditions, variety, genotype, agroclimatic cultivation conditions, fertilization (Tucker et al., 1977; Henze, Baumann, 1979; Badelek et al., 2002; Bundinienė et al., 2007) . To produce high quality processed products, it is necessary not only to grow new, promising beetroot varieties, but also to preserve their quality during storage. This requires advanced storage technologies, such as storage in a controlled and ultra-low oxygen atmosphere. In these conditions, beetroots retain their quality until the new harvest. This not only maximizes the quality of vegetables, reduces storage losses, but also extends the use of vegetables, which is very important for farmers to profitably of their produce. Most of the studies are long overdue, some beetroot varieties and hybrids have been renewed, it is not clear which varieties with their biochemical composition and technological properties are most suitable for processing, it is unclear whether it is worth storing beetroots in a controlled atmosphere and, if so, under what conditions. Storing vegetables in a controlled atmosphere is universally recognized as a perfect storage technology that allows to store not only most of the production but also preserve biologically active components (Simson, Straus, 2010; Viškelis et al., 2012; Lepse et al., 2014) . But for vegetables it is an expensive technology. Somehow there is a belief that it is worth storing only expensive products in a controlled atmosphere, such as berries or fruits, but it is not worth storing cheap vegetables. The aim of the work was to evaluate and optimize the process of storing various varieties of beetroot and evaluate their suitability for processing. 
Materials and Methods

Research object
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where: C -chroma; h° -hue angle; a* -a colour value (redness); b* -b colour value (yellowness). Beetroot firmness was determined by the TA.XTPlus texture analyser (Stable Micro Systems, United Kingdom) using the P/2 probe (2 mm in diameter) (Luksiene et al., 2013) . Storage All beetroot varieties storage has been carried out in three repositories under optimum conditions, at 1±1 °C and 90-95% relative humidity (RH). Selected varieties for best perspectives for processing and storage ('Kestrel H', 'Pablo H', 'Rhonda H' and 'Joniai') were also stored in Besseling CA Systems (Besseling Group B.V., The Netherlands) controlled atmosphere chambers maintaining a different composition of controlled atmosphere (Table 1) . Gas composition, humidity, and storage temperature were selected according to the recommended conditions for storing vegetables in a controlled atmosphere (Thompson, 2010; Simson, Straus, 2010; Lepse et al., 2014) . The weight of the roots in the controlled atmosphere was accurately weighed and averaged 15 kg. Quality was was studied during 7-month storage. Differences were considered to be significant at p<0.05.
Results and Discussion
Changes in dry matter during storage were observed but were not significant (Table 2) . After storage, the dry matter content in some beetroot varieties increased, in others decreased. The loss of dry matter occurs due to breathing because it consumes sugars (Viškelienė et al., 2017) , but on the other hand, transpiration and water evaporation from the roots are taking place also. That is how two opposing / contradictory physiological processes take place and their relationship is hard to predict. However, in any case, these changes were not statistically reliable. Similar results were obtained with soluble solids (Table 2) . During storage, monosaccharide, sucrose and total sugar content varied slightly and results were not statistically significant (Table 2) . Exceptionally high levels of betacyanins and betaxanthin were found in 'Detroit 2' and 'Joniai' beetroots, the highest amount of betalain was in 'Kestrel H' beetroots (Table 3) . After storage, the amount of betacyanins and betaxanthin in the 'Detroit 2' and 'Joniai' beetroots decreased significantly, but still the highest amount of betalains remained in these beetroots, 1278 mg kg -1 and 1326 mg kg -1 , respectively. The amount of organic acids during storage was reduced or did not change compared to fresh beetroots of the same variety (Table 3 ). These changes in most varieties were statistically unreliable due to the very low acidity of beetroots. Statistically reliable post-storage decrease in organic acids was observed only in 'Boltardy', 'Rhonda H' and 'Subeto H' varieties (from 0.10% to 0.08%) (p<0.05). Different letters in "before storage" and "after storage" columns represent statistically significant differences in chemical composition parameters before and after storage. Different letters in "before storage" and "after storage" columns for each parameter represent statistically significant differences in chemical composition parameters before and after storage. Different letters in "before storage" and "after storage" columns for each parameter represent statistically significant differences in beetroot quality parameters before and after storage.
During storage, pH tended to increase, but the results of the pH increase were statistically insignificant ( Table 3) . The amount of ascorbic acid in beetroots decreased statistically reliably (Table 3) . Average loss of vitamin C during storage was about 15-20% from its original content in fresh beetroots. After 7 months of storage, the least ascorbic acid decrease was observed in 'Kestrel H', 'Pablo H', 'Rhonda H' and 'Joniai' varieties. Changes in nitrate content in the stored beetroots was not statistically significant in most varieties, except in ''Kestrel H', 'Pablo H', and 'Bona' varieties (Table 4) .
Colour measurement also showed degradation of some compounds during storage. Beetroots of all varieties tested darkened during storage, i.e., their brightness coordinate L* decreased. The redness coordinate (a*) in most cases increased, especially in 'Subeto H', 'Action H', 'Kestrel H', 'Pablo H' varieties. However, the yellowness value (b*) increased significantly during storage in all varieties (Table 4 ). This indicates that biochemical and certain degradation processes occur during the storage of beetroots. In the case of beetroot storage, the colour purity (C*, chroma) varied unevenly: in some varieties it decreased, but in the majority of varieties increased. After storage, 'Subeto H', 'Action H', 'Kestrel H', 'Pablo H' varieties had the purest colour. After 7 months of storage, the firmness of the beetroots reduced for both the skin and flesh ( Table 4 ). The decrease in the firmness of both skin and flesh can be explained by the fact that beetroots still mature and age, hydrolysis of insoluble protopectin to soluble pectin takes place etc. The most important indicator for storage is the percentage of production after storage. The average production of beetroots was 67% after storage, hence, storage losses averaged 33%, similar as storage of onions (Cizauskas, Viskelis, 2002) . The beetroots of 'Kestrel H' variety remained up to 78%. Other good varieties for storage were 'Pablo H', 'Bona', 'Subeto H' and 'Joniai'. Although storage losses seem great, but stored beetroots were quite acceptable. Storage loss consists of natural loss of mass due to respiration, transpiration and rotting. After storage the beetroot ringing had a clear tendency to decrease. During storage, due to the decrease in the firmness, betalains diffused into the lighter layers of the flesh, so in the overall assessment the internal ringing were increased. The 'Joniai' beetroots were the only one of the studied varieties to have no ringing after storage. After the total evaluation of the various varieties of beetroots after storage, the following varieties were found to be the most suitable for storage and processing: 'Kestrel H', 'Joniai', 'Pablo H' and 'Rhonda H'. Changes in chemical composition and physical properties such as firmness, colour, etc. during storage are determined not only by the genotype of the variety, but also by the agrotechnical tools used (Petronienė, Viškelis, 2004; Bundinienė et al., 2007) . Beetroot is susceptible to boron deficiency, and the use of boron fertilizers not only increases yield but also reduces storage losses due to physiological damage related to the lack of boron (Bundinienė et al., 2017). Different letters in "before storage" and "after storage" columns for each parameter represent statistically significant differences in beetroot quality parameters before and after storage. * Storage conditions are given in Table 1 Beetroots were stored not only under optimal conditions, i.e., at +1±1° C and 90-95% relative humidity, but also selected varieties for best perspectives for processing and storage ('Kestrel H', 'Pablo H', 'Rhonda H' and 'Joniai') were also stored in Besseling CA Systems controlled atmosphere chambers maintaining a different composition of controlled atmosphere (Table 1) . During storage, the controlled atmosphere chambers were monitored not only for temperature, humidity, oxygen and carbon dioxide concentrations, but also for the amount of endogenous ripening and aging hormone ethylene. Ethylene was permanently removed catalytically. While analysing changes in chemical composition during storage (Table 5) , it can be concluded that increasing the carbon dioxide content from 0.03% up to 3%, 5% or 8% and reduced oxygen content from 21% to 10% or 5% positively impacts chemical composition of the stored beetroots. Some of the chemical composition parameters after storage in one or another composition in the controlled atmosphere remained stable and the degradation of betacyanins was clearly reduced. Beetroots kept in a controlled atmosphere retained a more stable colour, had lower colour changes after storage compared to fresh beetroots. Similarly, beetroot firmness remained closer to the firmness of the fresh beetroots.
From the results of chemical composition, colour coordinates and texture (Table 5) , it can be concluded that the best regime to store the beetroots is in atmosphere containing 5% of carbon dioxide and 5% of oxygen. At higher oxygen levels, both chemical and physical indicators suffer a little more during storage. This optimal composition in the controlled atmosphere increases around 10% of standard production compared to storage in simple storage chambers. Beetroot 'Joniai' which was rated very well by its chemical composition and physical properties, while stored in basic storage, they kept only moderately well, but it was excellent in a controlled atmosphere, with storage losses of just 24%.
Conclusions
After examining the chemical composition, texture and colour coordinates of various varieties of beetroots, the optimal varieties for processing are 'Joniai', 'Rhonda H', 'Kestrel H', and 'Pablo H'. However, it is difficult to select the best varieties because each variety has its own advantages and disadvantages, and each variety needs to be selected for a particular product or specific function. The optimal composition of the controlled atmosphere storage for beetroots is 5% CO2, 5% O2 and 90% N2. It increases up to 10% of standard production compared to storage in simple storage chambers.
